There is recent evidence that acute coronary syndrome (ACS) patients with first time incident major depressive disorder (MDD) and those with recurrent MDD represent different subtypes among individuals with ACS and comorbid depression. However, few studies have examined whether or not these subtypes differ in coronary artery disease (CAD) severity. We assessed whether those with incident MDD (in-hospital MDD and negative for history of MDD) or recurrent MDD (in-hospital MDD and a positive history of MDD) differ in angiographically documented CAD severity. Within 1 week of admission for ACS, 88 patients completed a clinical interview to assess current and past diagnosis of MDD. CAD severity was assessed in all patients by coronary angiography. A hierarchical regression analysis showed that neither in-hospital MDD status, nor history of MDD were significant predictors of CAD severity, but the interaction term between in-hospital MDD status and history of MDD was a significant predictor of CAD severity, after controlling for age, sex and ethnicity. Follow-up analyses showed that patients with first-time, incident MDD had significantly more severe CAD compared to patients with recurrent MDD (p = 0.043). To conclude, our study adds to the growing evidence that patients with incident MDD should be considered as a clinically distinct subtype from those with recurrent MDD. Possible mechanisms for differing CAD severity by angiogram between these two subtypes are proposed and implications for prognosis and treatment are discussed.
criteria for MDD (Thombs et al., 2006) , and of these MDD patients, 50% or more have had depression symptoms in the past. Recent evidence suggests that patients who experience depression after ACS for the first time (incident depression) may represent a clinically distinct subtype when compared with depressed ACS patients who have had depressive symptoms in the past (recurrent depression).
The literature indicates that the extent to which comorbid MDD after ACS impacts future medical prognosis might be dependent on whether patients experience incident or recurrent depression. However, the evidence is mixed as to which group (incident or recurrent depression) is at greater ACS recurrence and/or mortality risk.
Lespérance et al. found that among patients with a positive history of MDD who were experiencing a recurrent episode of MDD assessed within one week of a myocardial infarction (MI), 40% died compared to 10% of those experiencing depression for the first time (incident MDD) at index MI (Lesperance et al., 1996) . In a study of 526 post-ACS patients, a history of depression -present in 26.7% of all patients -was associated with significantly more frequent angina, greater physical limitation and worse quality of life after 7 months (Rumsfeld et al., 2003) . However, this study provides limited prognostic information given that outcome measures neither include hard cardiovascular events nor data on mortality.
In contrast, two other studies have found that only first time incident depression at the time of hospitalization was predictive of future cardiac events or mortality, but a history of depression was not. Grace and colleagues studied 750 post-ACS patients and found that 5 year mortality was highest among patients with incident depressive symptoms (as assessed by self-report) at time of hospitalization, and lowest in patients with a history of depressive symptomatology and no increased co-morbid depressive symptoms (Grace et al., 2005) . Recently, de Jonge et al reported similar findings for a psychiatric diagnosis of MDD in a sample of 468 post-MI patients: only patients with incident, but not those with recurrent MDD had an increased risk of second cardiovascular events across a mean follow-up of 2.5 years (de Jonge et al., 2006) .
It is not known why co-morbid depressive symptoms and / or co-morbid MDD in post-ACS patients are associated with recurrent cardiovascular events and mortality. One explanation is that worse cardiovascular outcome in this population is due to more severe coronary artery disease (CAD). Typically, studies have found no relation between the severity of comorbid depressive symptoms at the time of ACS and various CAD severity markers, such as LVEF, Holter registration or angiography (Frasure-Smith et al., 1995; Ladwig et al., 1991; Strik et al., 2004) . However, most studies employed distal measures of CAD -measurements of cardiac function such as ejection fraction or Killip Class -and did not make a distinction between patients with incident vs. recurrent depression.
One previous study of CAD severity in patients with coronary artery disease who had comorbid depression suggests that individuals with incident depression differ from those with a history of depression. In a sample of 39 recently diagnosed CAD patients who met criteria for MDD, those with a depression history had less severe CAD in comparison to those without a depression history (Freedland et al., 1992) . CAD severity was assessed by direct visualization of coronary arteries via angiogram, recorded as the number of occluded coronary arteries (>50% stenosed). It seems that incident MDD is associated with higher CAD severity, whereas in patients with a history of MDD, a new MDD episode is not associated with the severity of CAD. However, this study did not include the full spectrum of ACS patients and the difference in CAD severity between incident and recurrent MDD patients was only significant at a p-level of 0.07.
The aim of the present study was to further investigate the existence of two subtypes -post-ACS patients with incident versus recurrent MDD -by comparing CAD severity in these two groups using angiography, a more proximal measure of CAD obtained by direct visualization of the coronary vessels. Based on previous studies, we hypothesized that incident MDD patients would have more severe CAD than would recurrent MDD patients, within 1 week post-ACS.
METHODS

Study Sample
Patients were enrolled from the Coronary Psychosocial Patient Evaluation Study (COPES), an observational cohort study designed to investigate the etiology and naturalistic course of depressive symptoms in the 3-month period after an ACS event. Patients were eligible for inclusion in COPES if they had been hospitalized for an ACS event (either acute myocardial infarction with or without ST-segment elevation or unstable angina) and scored between 0 and 4 (indicative of no depressive symptoms) or 10 or higher (at least mild depressive symptoms) on the Beck Depression Inventory (BDI) within 1 week after the index ACS event (FrasureSmith et al., 1995; Lesperance et al., 2002) . Additionally, they had to be enrolled at one of our site hospitals, Mount Sinai Hospital, where angiogram data were available.
Exclusion criteria were terminal non-cardiac illness, active suicidal or homicidal ideation, current psychotic disorder, current alcohol and/or substance abuse, insufficient proficiency in English or Spanish language, and cognitive impairment as indicated by a Mini-Mental State (Folstein et al., 1975) examination score less than 24 (for educational level of 8th grade or higher) or less than 17 (for educational level of 8th grade or lower). The study was carried out in accordance with the latest version of the Declaration of Helsinki. Informed consent of the participants was obtained after the study had been fully explained. The Institutional Review Board of the study hospital (Mount Sinai Hospital, New York, NY) approved the study.
A cohort of 88 patients was recruited between May 2003 and March 2004 at Mount Sinai
Hospital, New York NY, who had angiogram and depression history data available (see Figure  1 ). Patients for whom these data were not available did not significantly differ from patients for whom these data were available on age, gender, ethnicity and depressive symptom severity (all p > .60).
Assessment of Depression History and Concurrent Severity of Depressive Symptoms
All patients were interviewed with an abbreviated version of the Depression Interview and Structured Hamilton (Freedland et al., 2002) . This version included the full clinical interview to assess the presence of major depressive disorder (MDD) and minor depression, according to the DSM-IV. To reduce patient burden, the Hamilton severity rating was omitted from the interview. Depression history was assessed after the current symptoms had been assessed, by asking the screening question: "Have you ever been depressed before?" If patients said yes or were uncertain, they were then probed further to estimate whether a patient had fulfilled DSM-IV criteria for a positive history of MDD. This was evaluated by assessing whether a reported depressive episode lasted at least 2 weeks, was sufficiently severe to affect functioning, and/ or DSM diagnostic symptoms were likely present at that time.
Comorbid depressive symptom severity was assessed with the Beck Depression Inventory (BDI) (Beck, 1993) . The BDI consists of 21 items describing cognitive-affective and somatic depression symptoms. Patients rated the extent to which each symptom had been present within the past 2 weeks on a 4-point scale (0-3).
Assessment of Coronary Artery Disease Stenosis Severity
For each patient, angiogram data were extracted from the Mount Sinai Hospital Electronic Data Repository. The selected angiogram for each patient was performed within one month of the depression interview, and was analyzed by a board-certified interventional cardiologist, blinded to depression status. The main coronary arteries analyzed included the left anterior descending, left circumflex and right coronary artery. Three measures were derived from coronary angiography: (1) number of vessels stenosed >50%, (2) presence of left main obstruction >50%, and (3) presence of three vessel disease (three main vessels >50% stenosed). A cut-off of greater than 50% vessel stenosis was used to define significant obstructive CAD based on standardized criteria (Ringqvist et al., 1983 , Smith, 2005 and based on similar criteria in studies utilizing angiography (Rutledge et al, 2001 ).
CAD stenosis severity was determined as follows: 0 = no vessels significantly diseased (with > 50% stenosis); 1 = only one vessel diseased (without left main disease); 2 = two vessels diseased (without left main disease); 3 = three vessels diseased and/or left main disease.
Statistical Analyses
A hierarchical regression analysis was conducted to predict CAD severity. To test the hypothesis that the relationship between depression in hospital and CAD severity differed according to whether or not patients had a history of depression, an interaction term between MDD history and comorbid MDD for CAD severity was computed. Age, gender and ethnicity were entered as covariates in a first step, in a second step, comorbid MDD and MDD history were entered, and in a third step, the interaction term between the two. We used SPSS 12.0 statistical software (SPSS Inc, Chicago, IL). Two-tailed tests of significance were employed.
RESULTS
Of the 88 patients, 21 (23.9%) had comorbid MDD at the time of hospitalization for ACS. Of these, 14 (66.7%) had a history of MDD (recurrent MDD), and 7 (33.3%) experienced depression for the first time (incident MDD, see Figure 1 ).
Characteristics of incident vs. recurrent MDD patients are displayed in Table 1 . The two patient groups did not differ on age, gender, race, ethnicity and severity of depressive symptoms (BDI score).
Results of a hierarchical regression analysis are displayed in Table 2 . Neither comorbid MDD at time of hospitalization for ACS, nor history of MDD predicted CAD severity. The interaction between comorbid MDD and history of MDD, as predicted, was significant. Follow-up analyses showed that patients with first time in-hospital (incident) MDD had significantly more severe CAD compared to patients with recurrent MDD (Figure 2 ).
Depressive symptom severity (assessed with the BDI) was positively associated with CAD severity only in patients with incident MDD, albeit at a non-significant p-level due to the small sample size (r = .38, p = .40). In contrast, there was clearly no relation between depressive symptom severity and CAD severity in patients with recurrent MDD (r = -.05, p = .88).
DISCUSSION
Our findings support our hypothesis that ACS patients with incident depression have significantly more severe CAD than those with recurrent depression. These results arise from direct visualization of the coronary vessels and support findings from one previous study which has shown more severe CAD in the incident depression subtype although only at trend level (Freedland, 1992) . Even though the sample size in the present study was modest, the prevalence of the two depression types is comparable to that in other studies (Grace et al., 2005; de Jonge et al., 2006) . The significant difference in CAD severity adds to mounting evidence that two subtypes exist in depressed ACS patients -patients with incident versus recurrent depression. The mechanisms underlying these differences must be explored in future studies.
One possible explanation for our results is that ACS patients without a history of depression have normal vulnerability to depression, but because their CAD or ACS event is more severe than those patients with past episodes of depression, they experience a first time reactive depression in response to the significant physiologic and psychological stress. A study by Spijkerman et al. (2005) demonstrated the important relationship between disease severity and development of depression in patients without a history of depression. They examined the relationship between MI severity and the development of new MDD over a period of one year in 468 post-MI patients who were not depressed at the time of the MI presentation. It was shown that several indirect measures of MI severity (revascularization during hospitalization, poorer left ventricular ejection fraction and arrhythmic events) were related to the onset of MDD during the first year after the MI in patients who had never had an MDD episode before (Spijkerman et al., 2005) . In contrast, MI severity did not predict the recurrence of MDD during that year in patients who with a history of MDD.
Even though the severity of an MI is only poorly correlated with CAD severity as measured by angiogram, the above study provides interesting evidence that incident MDD can be triggered by underlying cardiac disease, whereas in patients with a lifetime history of MDD, disease severity is not a MDD trigger. Likely, in these patients, comorbid MDD have a different etiology. Recurrent depression in ACS patients more likely resembles depression seen in the general population. Common risk factors for depression in the general population such as lower educational level and higher neuroticism are also seen in non-incident post-MI depressed patients (De Jonge et al., 2006 .) Unlike ACS patients with incident depression, individuals with recurrent depression may experience an exacerbation of a previously existing vulnerability which is triggered by the ACS. Therefore, the level of CAD/ACS severity may take on less significance in their depression onset than in the case of first-time depressed ACS patients.
Another tentative explanation for our finding that ACS patients with incident depression appear to have more advanced coronary vascular disease is that these patients may be more vulnerable to a certain type of depression termed vascular depression. A subset of depressive disorders that occurs for the first time in old age, vascular depression is considered a consequence of microvascular lesions secondary to atherosclerosis in subcortical and prefrontal regions within the brain. This theory has been supported by MRI evidence in patients with geriatric depression of a higher incidence of white matter hyperintensities, representing deep white matter lesions of vascular origin (Camus et al., 2004) . Further support for the vascular depression subtype comes from a study by Rapp et al. which compared late-onset geriatric major depression to recurrent geriatric depression and found significantly more cardiovascular comorbidity (greater number of comorbid cardiovascular and cerebrovascular diagnoses) in the patients experiencing depression for the first time in their older age (Rapp et al., 2005) . These findings suggest a relationship between depression that presents for the first time late in life and the degree of cardiovascular disease. Although a direct comparison cannot be drawn between the geriatric depression population and the incident MDD post-ACS population in our study, Rapp's results suggest that a subtype of depression exists which is highly associated with greater extent of vascular disease. It is possible that the post-ACS patients in our study with incident depression and with more severe atherosclerotic coronary vessels concurrently have more severe vascular disease in the brain and are thus more prone to vascular depression. The ACS event may serve as the trigger for vascular depression onset. However, this theory is speculative at this point and it is entirely possible that vascular depression also exists in recurrent depression. Future research should first compare the prevalence of white matter hyperintensities in incident and recurrent depression within post-ACS patients. A question is whether there is a strong relationship between coronary vascular disease and similar vascular pathology in the brain, which could be answered by correlating CAD severity indicators, such as the one examined in this study, with the degree of white matter hyperintensities in the brain.
One way of indirectly exploring if the vascular depression hypothesis has any substantiation in our sample would have been to examine Mini-Mental-State Examination score differences among our incident and recurrent MDD patients. However, a limitation of our study was that these eligibility MMSE scores were not preserved, and so are not available for this exploratory analysis.
An important limitation in our study is that angiogram only measures visibly stenotic vessels. It is now known that ACS events such as unstable angina, acute myocardial infarction or sudden cardiac death can be caused by thrombotic occlusions overlying ruptured plaques that are not significantly stenotic (Virmani, 2000 and Naghavi, 2003) . Instead these plaques undergo positive ("expansive" or "outward") remodeling, a compensatory increase in the external elastic membrane as the plaque expands. This positive remodeling results in a minimal impingement of the plaque into the lumen, concealing the presence of substantial atherosclerotic disease on angiographic studies. Therefore, it is possible that our ACS patients with recurrent depression have greater atherosclerotic coronary disease than is immediately evident on angiogram.
Another possible limitation of our study is that depression history was assessed retrospectively by patient interview. Using the DISH, 37 patients out of 88 (42%) had a history of MDD. This prevalence rate is slightly higher than the range of published prevalence rates, but our population may be different from others in the literature given the greater number of Hispanic patients in our sample.
Our study adds to the growing evidence that two subtypes of depression exist within the post-ACS depressed population: first time or incident depression and recurrent depression. Recognition of these two groups has important implications for prognosis in post-ACS depression. Recent studies have shown that it is only incident depression that increases risk of poor cardiovascular outcome in post-ACS patients. Post-ACS patients with incident depression should therefore be identified so that appropriate attention and management can ensue. It is worth noting that there are two recent reports of female patient samples, one disease-free and one with suspected myocardial ischemia, in which a reported history of depression or treatment history for depression predicted coronary calcification or cardiac risk (Agatisa, 2005 and Rutlegde, 2006, respectively) . These are obviously different patient samples than ours, and the results point to the possibility that the risks for ACS incidence are possibly different than those for recurrence of an ACS event. However, it remains clear that the characterization of subtypes of depression (eg incident vs recurrent) is an important distinction to better understand the cardiac risk of patients with these different depression patterns.
Finally, it may be beneficial to approach treatment differently in these two subtypes. The SADHART and CREATE trials of antidepressants in depressed cardiac patients both showed the response rates for drug versus placebo were greater in patients who had a prior history of MDD, whereas patients experiencing their first major depressive episode showed no difference between drug and placebo (Lesperance, 2007; Glassman, 2002) . It remains unclear whether this lack of greater drug response compared to placebo in the incident depressed group represents a different etiology of that depression (such as depression reactive to coronary disease severity, or vascular depression), thus explaining resistance to traditional depression treatment. Another possibility is that incident depression may be characterized as a reactive depression to the cardiac event and therefore exhibits a more robust placebo response and higher likelihood of remitting spontaneously, thus narrowing the drug-placebo difference. Regardless, these subtypes should be identified so that optimal treatment may be tested. Coronary artery disease severity in patients with incident vs. recurrent in-hospital Major Depressive Disorder Note: CAD severity ranges from 0 to 3: 0 = no vessels significantly diseased (with > 50% stenosis); 1 = only one vessel diseased (without left main disease); 2 = two vessels diseased (without left main disease); 3 = three vessels diseased and/or left main disease 
